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ABSTRACT

This report constitutes a summary of the Laboratory
analyses performed in connection with several combinations
of VHF/UHF naval communication equipments in the frequency
range 225 to 400 Mcs. The specific systems studied were
combinations of:

Model TDZ Transmittersand Model RDZ Receivers
Model TDZ Transmitters and Model RDR Receivers
Model MLR Transmitters and Model RDZ Receivers
Model M2 Transmitters and Model RDR Receivers.

The primary purpose of the measurements was to determine
the magnitude and location of interfering signals when
employing 100 standard communication channels and one guard
channel. A total of approximately 40,000 measurements were
required to obtain the desired data. The analyses were
augmented by additional data and information obtained from
previous studies of the communication equipments involved.

Analysis of the results lead to the following gener-
al conclusions:

(a) Systems employing the RDR receiver in con-
Junction with either the TDZ or MR!, trans-
mitters exhibited the presence of approxi-
mately three times as many interference
signals as systems using the RDZ receiver.

(b) In all systems studied the spurious response
characteristic of the receivers accounted
for the presence of 50 to 90 percent of the
interference signals,

(c) The M2AR transmitters generated a large number
of interference signals which varied widely
in location and magnitude.

(d) The TDZ transmitterswere responsible for only
a small percentage of the total interference
signals and these were essentially stable.

(e) Very few interference-free communication
channels will be available in systems utili-
zing all four models of equipments (TDZ, MAR,
RDZ, and RDR).

(f) The RDR and MAR2 equipments are not considered
suitable for shipboerd installation when sever-
al sets of equipments are required and inter-
ference-free operation is necessary.

-O -



INTRODUC T ION

1. Reference (1) reruested the Naval Research Lab-
oratory to perform systems analyses of 225-400 Mc. Com-
munication ecuipments. References (6), (7), (8) and
(9) describe system analyses prformed on the following
combinations of equipments:

(e) Model TDZ transmitters and Model PLDZ receivers

(b) Model TDZ trsnsmitters and Model RDR receivers

(c) Model M AR transmitters and Model RDZ receivers

(d) Model MAR transmitters end Model RDR receivers.

These 3ouiument groups were operated on the 100 primary Navy
Channels and one ,uard channel in this frecu: ncy renpe. One
of the more important Dhases of the svstscrL rnalyses was the
selection of interference free cthannels for a comeiunication
systema, i.e. where S s vstem is considerd as a large numrber
of communication nets. The purpose of this report is to
comrelate the results obtained from the systemcs aveluetions
with datp and information secured from orevious stu.is of
these communication equipments so that L more complete sys-
tem eveluation can be made. In addition, one method is pre-
sented for selecting interference free communication chan-
nels for a single shipboard installation containing TLZ, RDZ,
MAR and RDR eouiDments.

2. In a comunication system cont,-I.nin 101 frc'ucncy
channels, possible interference on any receiver channel could
result from one or more transmitter signals. Therefore, to
adecuctely analyze a system employing IDiZ, .DZ, MAR and RLR
ecuipments, every receiver channel on the RDZ and I-LDR re-
ceivar must be checked for interfercnce against both trans-
mitters on 101 channels, necessitating a total of approxi-
mately 40,000 measurements. These measurements were con-
ducted on systems employing the above ecuipments and the
results are described in references (6), (7), 8), and (9).
The measured data ere shown on Plates 2, 3, 4, and 5.

3. In order to deteraine the primary ca:uses of inter-
ference in a communications system each component of the
system must be examine-d to ascertsin its objectionable
characteristics. The Model TDZ and MA.R transmittors;,. and
the Jodel PLZ nd RDR receivers all employ frecuerlcy multi-
olication in order to obtain the desired output fmuencies-.
Any ecuiDment which proJuce8 its final output frequency o.
eIeteroyne frequency by mitiplica-tion of a basic cry-

stal oscillator, will have in its output power components at



frequencies which will include each and every harmonic of
the basic frequency. The actual strength of these components
will depend upon numerous factors, including the shielding
integrity between stages, the operating condition of the
various tubes, the adjustments of tuned circuits and the cir-
cuit elements. In transmitters, the magnitude of these com-
ponents which are radiated will depend largely upon the elec-
trical characteristics of the antenna system.

4. Individual studies were conducted on each of the
equipments and it was found that the general analysis de-
scribed in paragraph 2 was applicable to all equipments.
These studies were performed prior to the system anal yses
and the pertinent results are reported in references (6),
(7,1, (8), and (9). In general, these studies indicated
that every receiver had many spurious response frequencies
and that both transmitters had a large number of radio fre-
quency outputs of considerable strength in addition to the
desired output frequency. Therefore, in a system contain-
ing two or more equipments, i.e. at least one transmitter
and one receiver, three potential sources of interference
exist for each operating frequency. They are:

(a) One of the spurious response frequencies of a
receiver coinciding with a transmitter operat-
ing frequency.

(b) One of the undesired radio frequency outputs
of a transmitter coinciding with a receiver
operating frequency.

(c) One of the spurious response frequencies of a
receiver coinciding witham undesired radio fre-
quency output of a transmitter.

The first two types of interference accounted for essential-
ly all of the interference signals measured in the inter-
ferance analyses. The occurrence of the last type was high-
ly improbable because the level of this type of interference
is below the sensitivity of the average system. For all prac-
tical considerations this third type of interference can be
neglected, as it contributes only a very small percentage of
the total interference signals, and all of these would be of
very low amplitude.

5. If the average number and magnitude of the unwanted
radio frequency outputs per channel for a transmitter and
the average number and magnitude of spurious response fre-
quencies per channel for a receiver are known for a given
system, then a reasonable prediction can be made as to the
total number and range of intensity of interference signals



that will exist in this system. One criterion for an
analysis of this type is that the interference signals
have a random distribution over the frequency spectrum
considered. This will be the case, to a reasonable de-
gree, if in the system considered there is no fixed math-
ematical relation between the methods of frequency multi-
plication in the equipments and the methods utilized in
selection of the channel frequoncies. In the systems con-
sidered, with the exception of those including the 1IvVR
transmitter, these conditions were fulfilled. The Ivi.R
transmitter obtains its output power by multiplying the
basic crystal oscillator frequency 54 times and subtiact-
ing a fixed frequeIncy of 30.2 Mc. This transmitter may have
in addition to the desired output freouency the following:

(a) All harmonics of the basic crystal oscillator
frequency.

(b) All hermonics of the fixed frequency oscillator
(10.066 Mc).

(c) All sum and difference frcquncies of the a-
bove.

Therefore, some of these spurious output frequencies will
follow an arithmetic orogression. An exithmetic progression
also exists in the channel spacing on the Navy comeunio&ation
channels in the 225-400 Mc. band which has a fundamental
spacing of 800 kc. Thus, the potential interference may
not be totally independent of channel spacinx and the methods
used for computing interfor-nce signals for other equipments,
i.e. TDZ-RDZ and TDZ-RDR equipment may not aive accurate re-
sults on systems containing the MAR equipments. In systems
containing the TDZ, hEZ and tDR equipments the converse is
true, in that an accurate estimate can be made. In reference
(6) an analysis of this type was performed for a system con-
taining TDZ and RDZ equipments and the results are repeat-
ed here as an example of how this was accomplished. Con-
sidering the average intensity of all receiver spurious
response frequ,.ncies and transmitter unwanted radio fre-
quency outputs, potential interference signals were found
to be (12) twelve per operating receiver channel, so that
for 100 prima r y channels, 1200 interference sirnals could
exist. The mean effective bandwidth of the receiver is
about 0.20 Mc. so that 100 operating, channels occupy l0 x
.20 or 20 Mc. Methods for determining the mean effective
bandwidth are Piven in Appendix, part (a) of reference (6).
The frequency bend used for these tests were from about
230 MIc to 390 Mc or a total of 160 Mc. Therefore, inter-
ference signals observed on the 100 receiv r channels for



the 100 transmitter chEnncls would be 12.5% of 1200, or
150 interference signals. Considering the av-rage number
and level of the receiver spurious resnonse frequencies,
and the transmitter unwanted radio freuqency outputs, it
can be concluded that about 75% of the instances of chan-
nel interference calculated were due to the spurious re-
sponce ch.recteristic of the receiver. In the analysis
described in reference (6), 151 instances of channel inter-
ference were observed for the system containing TDZ end
RDZ equipments. This excellent agreement is piobably more
accideiatal than real; however, one would expect in systems
comparable with the TLZ-RDZ or in the case of other TLZ-RLZ
systems, a probable accuracy of 90% or greater.

6. In estimatinq the range of ]evel of interfersnce
that would exist in a communication system containing TDZ
and RDZ equipments, certain basic factors must be known.
They are:

(a) The power output of the transmitter on the
operating frequency.

(b) The power output of the transmitter on the
unwanted radio frequencies.

(c) The sensitivity of the receiver on the o'crat-
ing freauc:ncy.

(d) The sensitivity of the receiver on frequencies
where spurious response points occur.

(e) &&ttentuation between transmitting and receiving
antennas for all frequ ncies considered.

Vfith these basic factors known the magnitude of the strong-
est interf-rencc- sigrnal can be determined. In one case the
maximum interfcrenQe signal was observed when the trans-
mitter oDrrating frequency channel coincided with e strong
spurious r&soDonse in the receiver. For the TDZ-RDZ sys-
tem this maximum signal was calculated to be approximately
50 db above the noise level of the r-ceiver. Actual measure-
ments as reD6rted in reference (6) indicate that this figure
is essentially correct.

RESULTS

7. Table 1 presents the essential information secured
from the system analyses or from reforences (2), (3), (4),( 5)
and (10), on equipment characteristics for this comoosite
interference analysis. Table 1, column one, indicates the



total numbr'of interference signals produced if each and
every transmitted signal interfered with all reccive>r chan-
nels. Column two shows the average number of transmitter
spurious radio freouency outputs per channel which can be
considered of sufficient strength to cause system inter-
ference, and the spurious response frequencies per channel
for the receivers which ere also likely to cause system
interference. Potential interfe:.rence signals for thc RDZ
rec-iver ,,ere averaged on three channels, while on the ADR
rec:iver information was available on only a single; chan-
nel. Insufficient information was available on the M2.Rtrans-
mitter to make any reasonable estimate of the potential num-
ber of interference signals per channel. Columns 3 and 4
indicate the total number of interference signals.resured
in each system and the range in level of these signals, Col-
umn 5 presents the number of receiver channels which were
essentially free of system interference when transmitters
were transmitting on ell channels. Column 6 indicates the
rmximum range of interfbrenceciused by interference signals.
Distances given are between transmiting and receiving anten-
nas. Column 7 indicates the expect d variation in the aver-
age intensity of interference signals for each system. Col-
umn 8 7ives the mean effective bandwidth for both receivers.
The moan effctive bandwidth of a receiver is defined as a
theoretical, flat-bottomed, vertical sided, sclectivity
curve (ideal I.F. amplifier curve) which could be substituted
for normal I.F. selectivity curve end produce comparable re-
sults. One method for determining the mean effective band-
width of a receiver is given in reference (6), Appendiz,
Pert (a).

80 To determine the causc-s of interference in any
communication system a careful examination must be conduct-
ed on all components utilized. Both the TDZ and MA R trans-
mitters produced system interf erence when a receiver operat-
ing channel coincided with a transmitter unwanted radio fre-
quency signal of sufficient strength to cause interf-1ernce.
These unwanted radio freruncy outouts in the IDZ trans-
mitter were essentially stable in character, that is, when
specific interference, measurements were repeated, similar
results were obtained. This was not the case with the MAR
transmitter. In addition to variations caused by slight
enuipment adjustments and tempereture changes, considerabli:
variations were noted in magnitude and location of inter-
ference signals when the position of the meter switch on
the equiomont was changed. This switch changes the posi-
tion of a multi-mater in order to indicate the operating
conditions of the various circuits in the (iquipment and if
properly designed should have little or no effect on the



radio freau-ncy outputs. Thec changes in magnitude and
location of interference signals due to these causes make
duplication or checking of results virtually impossible.
Thus, one -would expect that on any group of measureents
utilizing the MAR transmitter the results would be more of
an estimate rather than an accurate analysis. That is, the
number, magnitude and the position of the various inter-
ference points for the MAR transmitter Eire not stable and
an accurate analysis of the data is not practical.

9. The principal cause of interference signals in
the VHF/UHF communication systems analyzed has been the
spurious response characteristic of the roc. ivers. This
can be substahtiated by observing column 2 of Table 1 and
comparing the results obtained on TDZ, !DZ and RDR equip-
ments. The RDR receiver, due to its spurious response
characteristic alone, will produce approximately ten times
as many interference signals as the TDZ transmitter w.hen
these e uioments are ooerated together as a local system.
By comprison, the iJDZ receiver will produce about three
times as many interference signals as the TDZ transmitter.
.n additional factor which seriously limits the usefulness
of the hDR receiver in a communication system is its re-
latively broad I.F. selectivity curve. This receiver has

mean effective bandwidth of approximately +00 kc. So
when one considers the present channel spacing of 800 kc,
and the attenuation of a standard s'ipboard antenna system
of from 30 to 40 db, it is fairly certain that in a 7reet
many cases adlacent channel transmitt.-rs will produce inter-
ference on the operating channel of this receiver. (Stand-
-rd shipboard entenna installation refers to a system con-
tining two MAR antennas collineer mounted with a center
to center spacing of four feet or for a horizontal spacing
of 20 feet.) This adjacent channel interfe-rence existed, as
may be seen by observing Table 1, Plates 3 and 5. The mean
effective bandwidth of the RLZ receiv r is approximately
200 kc. A study of Plates 2 ond 6 will show that the pro-
bability of observing adjacent channel inte, rference wes no
greater then for any of the more remote channels. If the
stability of the operating system could be improved such
that the mean effective bandwidth of the rec-ivar could be
decreased, say for example, to one-half of its present value,
then the avere!e number of interference si-nals would be re-
duced to approximately one-half. In addition, this reduction
in mean effective bandwidth of the receiver would produce
the following results:

(3) The noise level in the receiver would be re-
duced, w^ ,hich would be observed es an increase
in receive r sensitivity. This increased re-
ceiver sensitivity would effectively increoase



the comrmunicetion range of the system.

(b) The number of interference free channels
on the receiver 1,vould be incr-ased, which,
in turn, would increase the number of inter-
ference free communication channels.

Other methods for system improvement could include improved
filter circuits in the heterodyne oscillator system of' the
receivers and improved shielding ,nd circuit design in the
transmitters.

10. Plates 2, 3, 4, and 5 show complete results of all
interference measurements in systems containing TDZ-RLZ,
TDZ-RDR, M..-RDZ and MAR-RDR equipments. These equipments
were operated on the 100 Primary Navy Channels and the guard
channel for the system analyses. The one exception was that
the RDR receiver was operated on 98 channels, as three chan-
nels were blocked due to the local oscillator signal appear-
ing ct the intermediate freouency. To select intrforence
free channels for a system containing all four of the above
listed eauinments, a careful examination must be made on
Plates 2, 3, 4, and 5. The following procedure was used to
select 7 communication channels which are essentially free
of interference for all conditions of tr~nsmission. First,
Plate 5 was examined end fifteen channels wvere selected as
interference free for a system containing MAR-RDR equipments.
These channels are 1, 5, 6, 15, 23, 29, 3, 38y 46, 51, 62,
71, 83, 91 and 96. Second, elate 3 was examined to see which
of these channels were also cleEr for a system containing
TDZ-RDR eauioments. C-annels 1, 5, 6, 15, 23, 38, 51, 71,
83 and 96 were selected. In a system containinc the hDR re-
ceiver and both of the transmitters the above channels could
be utilz,d without inter-system interference. Now the pro4-
lem is to see how many of these channels can also be used
with the RDZ receivers. First, Plate 2 was observed and it
was seen that channels 1, 5, 6, 23, 51, 71, 83, and 96 could
be used. These chPnnels were clear for the 'i Z--DZ com-
bintion of -euipments. Second, x'late ,+ ,s examined End
it was found that channels 1, 5, 6, 23, 51, 83 and 96 could
be used for the entire system. This indicates that on these
seven channels all four ecuioments can be operated in a local
s7,ystem with essentially no interference on the receiv . - chan-
nels for all conditions of' transmission. The methods uti-

lized here are appliccble when e smell number of channels
are to be sl-cted. The more complicated problem of select-
ing the maximum ni.mber of interference free channels for a
task force is beyond the scope of this report.



CONCLUS IONS

11. The experimental arrangements on wLich 40,000
meesurements were made are ecuivalent to sta-ndard ship-
board installations in which the receivina and transmitting
antennas -are collinear with a 4 foot spacing, or, for a
horizontal spacing of about 20 feet. The specific data
obtained during these measurements are valid only for the
particular eouioment on which the measurements were made.
It can be concluded from the data derived from specific
systems containing TDZ-RDZ, TDZ-RDR, M.R-RDZ and MoR-i DR
equipment that:

(a) The TDZ-RDZ system contained the least number
of interference signals and the greatest num-
ber of interference free channels.

(b) For the systems containing the RDZ receiver,
the maximum interference level was approximate-
ly 50 db above the noise level of the rec- iver.
For the RLR receiver this maximmn level was a-
bout 90 db above the noise level.

(c) A.n interference signal level of 90 db, as ob-
served in these analyses, can oroduce detract-
able interference when the transmitting anten-
na is spaced from the receiving Jntenne a dis-
tsnce corresponaing to 25 o of the communication
ren-r of the system; an interference airnel of
50 db can produce undesirable interference when
the transmitter to receiver antenna spacing is
one mile, an interfere'Ince signal of 30 db will
not produce interference when the transmitter
to receiver antenna spacing is -reater than
600 feet. Thus, it is possible for a trans-
mitter on one ship to produce interfcrence in
a receiver on a nearby ship.

(d) An interference signal of the order of 90 db
in a local systemwill r-nder that receiving
channel unusable. An interfirence signal of
50 db will reduce the communication range to
less then 10 per cent of its normal value and
an interference signal of 10 db will reduce
the communication range of a system to about
60% of its normal value.

(e) In all systems analyzed 50% to 90% of the inter-
ference signals were due to the s urious re-
sponse characteristic of the receivrs.



(f) On systems containing the U,-R receiver
98 channels only are usable, as two of the
primary channels and the guard channel are
blocked by local oscillator., signals appear-
ing at the intermediate frequency.

12. The measured data obtained from the system analyses
of TDZ-RDZ, TDZ-RDR, M IR-RDZ and M2AR-PRDR eouipments are for
7iven transmitter receiver comhinetions. Channel freouency
tolerances due to set effects and crystal tolerances will
in all probability affect the magnitude and channel number
of some of the interference signals. All equipment end com-
ponent tolerances can, for the sake of convenience, be con-
sidered as effectively increasing the mean effective band-
width of the receiver in the system. Then it can be con-
cluded that:

(a) The maximum number of interf-rence si7,nels that
could be measured on a large number of trans-
mitter-receiver systems is apiroxiniately 25/O
,7reater for systems containing the RDR receiver
and 50% greater for the RLZ receiver, than the
measured number of signals.

(b) The most probable number of interference sig-
nals that will exist for a large number of T]Z
transmitter-receiver combinations is approxi-
mately 5% greater for systems using the !tDR re-
ceiver and 10o treater for the £®DZ, than the
measured number of interference signals.

(c) The average Variation in intensity of the
measured interference Signals in systems con-
taining the RDR receiver will be approximately
± 3 db and in systems using the hDZ receiver
approximetely + 5 db.

(d) In systems comparable with those containing
TDZ-RDZ eeuipments, the probable varietion from
system to system in the total number of inter-
ference signals measured will be approximately
1 O,.

RTC "j, D ,TI ON

13. It is recofmmended thc.t the use of M,}L-LL ecluipment
be excluded from communication systems cboard ship where
several sets of equipment are to be used and interference
free communication is desired.
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TDZ, RDZ, MAR AND RDR INSTALLATION PLATE I
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MODEL TDZ TRANSMITTERS

20' SLOTTED LIIN

TRANS. MONITOR
RECTIFIER------

TRANSMITTER SELECTOR
SWITCH-

AUDIO ATTEN
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TRANSM.-
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RECEIVER SELECTOR
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MODEL RDZ
RECEIVERS-

ATTENUATION
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PLATE 6, TDZ-RDZ INSTALLATION DIAGRAM
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INDUCT.IVE PROBES ON 201 SLOTTED LINE
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